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METHOD AND APPARATUS FOR IMPROVING FLUIDIC FLOW 
AND SAMPLE CAPTURE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to the collection of body fluid and specifically, the transfer 
of fluid from the tissue to a sampling device: 

Description of Related Art 

Treatment of diabetes requires frequent monitoring of levels of Wood glucose. 
This is traditionally done in a series of steps involving the preparation of a lancing device, 
preparation of a glucose meter, lancing a finger, transporting the resulting blood drop to 
the meter, and finally obtaining a blood glucose reading. 

Lancing devices are known in the medical health-care products industry for. 
piercing the skin to produce blood for analysis. Biochemical analysis of blood samples is 
a diagnostic tool for detenruning climcal information. Many pomt-of-care tests are 
performed using capillary whole blood, the most common.being monitoring diabetic 
blood glucose level. Other uses for this method include the analysis of oxygen and 
coagulation based on Prothrombin time measurement. Typically, a drop of blood for this 
type of analysis is obtained by making a small incision in the fingertip, creating a small 
wound, which generates a small blood droplet on the surface of the skin. 

Early methods of lancing included piercing or slicing the skin with a needle or 
razor. Current methods utilize lancing devices that contain a multitude of spring, cam and 
mass actuators to drive the lancet. These include cantilever springs, diaphragms, coil 
springs, as well as gravity plumbs used to drive the lancet. Typically, the device is pre- 
cocked or the user cocks the device. The device is held against the skin and mechanically 
triggers the ballistic launch of the lancet. The forward movement and depth of skin 
penetration of the lancet is determined by a mechanical stop and/or dampening, as well as 
a spring or cam to retract the lancet. Spontaneous blood droplet generation is dependent 
on reaching the blood capillaries and venuoles, which yield the blood sample. 
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In one embodiment, the present indention produces a concept of a capillary need 
for the blooo to travel directly from the wound to the sensor port on the cartridge. Thus 
the volume of blood produced at the wound site irregardless of its droplet geometry tan 
be completely transported to the analyte detecting member. 
5 In anolher embodiment, the present invention relates to a method of improving the 

fluidic flow through a membrane mesh structure for the transportation of bodily fluids 
from a point of sampling to a point of measurement The use of wicking structures to 
•introduce fluids from a surface source to either a fluid transport mechanism or 
measurement has been used for many years. However, fhis invention deals with a method 
1 0 to improve the fluid transport by decreasing the time required for transport. The method 
. involves the proper alignment and selection of materials relative to surface energy; 
■ • fr, yet anolher embodiment, the present invention relates to the integration of an 
adhesive onto and within a mesh membrane for defining a fluid channel within the mesh 
membrane structure. In this embodiment, the adhesive is hydrophobic and upon 
15 integration into the mesh, HwillproWbit fluidic flow Where flow is not desirable by 

design. The invention relates to the integration of an adhesive onto and . within a mesh , 
membrane for defining a fluid channel within; the mesh membrane structure. The adhesive 
is hydrophobic and upon integration into the mesh, it will prohibit fluidic flow where 
flow is not desirable by design. 
20 In another embodiment, the present invention relates to the integration of a mesh 

membrane sample and capture structure with a capillary transport to insure stable 
gmcometric measurement. The structure is fundamental to an integrated sample capture, 
transport, and measurement device for reliable and accurate performance with very small 
sample volumes. 

25 In a still further embodiment, the present invention relates to the integration of 

hydrophobic and hydrophilic adhesives onto and within a mesh membrane for the 
. enhancement of fluidic capture and transport flow. The developed surface energy 
properties of specific adhesive formulations has allowed the availability of extreme 
hydrophobic and hydrophilic properties and various viscosities as to promote absorption 

30 into the pores of Ihe mesh membranes. Through proper mixing by design, the masking of 
mesh membranes has been obtainable with pressure sensitive adhesives along with fluid 
attractive properties to direct optimal fluid capture, transport, and flow. 
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housing having a transparent window; a cartridge in said housing; a plurality of 
penetrating member in the cartridge; a sensory material on a first side of the cartridge, the 
sensory material sufficient for detecting at least one analyte; and a wicking material 
positioned to substantially surround a penetrating member exit so as to acquire body fluid 

5 flowing from a wound created by the penetrating member. A wicking member may be 
coupled to each of the analyte detecting member and positioned to extend over at least a 
portion of a penetrating member exit chamber on the 'cartridge. 

In yet another embodiment of the present invention, a device may be provided 
comprising a mesh membrane; an adhesive integrated onto and within the mesh 

10. membrane for defining a fluid channel within the mesh membrane structure, wherein the 
adhesive is hydrophobic and upon integration into the mesh, will prohibit fluidic flow 
where flow is not desirable by design. The adhesive may integrate onto and within a - 
mesh membrane for defining a fluid channel within.the mesh membrane structure. 
In yet another embodiment of the present invention, a device may provided 

15 comprising a mesh membrane; hydrophobic and hydrophilic adhesives within the mesh 
membrane for the enhancement of fluidic. capture and transport flow, wherein the 
developed surface energy properties of specific adhesive formulations has allowed the 
availability of extreme hydrophobic and hydrophilic properties and various viscosities as 
to promote absorption into the pores of the mesh membranes, creating pressure sensitive 

20 adhesives along with fluid attractive properties to direct optimal fluid capture, transport, 
and flow. 

In yet another embodiment of the present invention, an actuation device may be 
provided comprising a combined lancing and blood sample analysis device in a single 
disposable cartridge, wherein the cartridge does not have conducive leads and includes a 

25 wicking material surrounding a penetrating member exit. 

In yet another embodiment of the present invention, a method may be provided 
comprising providing a fluid sampling device comprising a cartridge, at least one 
penetrating member mounted on the cartridge, and a wicking material positioned to 
substantially surround at least one penetrating member exit on the cartridge so as to 

30 acquire bod^ fluid flowing from a wound on the patient created by actuating the 

penetrating member. The method may involve positioning the cartridge so that launching 
the penetrating member creates a wound on the patient which expresses body fluid and 
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BRIEF BESCRIP1TON OP THE DRAWINGS 

1. illustraiesan embodiment o/acontroJJable film' j ■ '"■ 

^^^^^^^^^^ 

penetration device of Figure 4. 

F^es^view^,^,^^,,^ 'T . 

rigure 1 J is a side vjew of a sample capture device 
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Figure 13 shows one method of manufacturing a sample capture device. 
Figures 14 through 1 6 show other configurations of a device according to the 
present invention. 

Figure 17 shows one method of manufacturing a sample capture device. 
Figure 1 8 through 21 show configurations of sample capture devices. 



DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
It is to be understood that both the foregoing genera] description and the following 
. detailed description are exemplary and explanatory only and are not restrictive of the 
) invention, as claimed. It may be noted mat, as used in the specification and the appended 
claims, the singular forms V, "an" and "the" include plural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a material" may include 
mixtures of mat erials, reference to "a chamber" may include multiple chambers, and the 
like. References cited herein are hereby incorporated by reference in their entirety, except 
,5 to the extent that they conflict with teachings explicitly set forth in this specification. 

In this specification and in the claims which follow, reference will be made to a , 
. number of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means that the subsequently described circumstance 
may or may not occur, so that the description includes instances where the circumstance 
20 occurs and instances where it does not. For example, if a device optionally contains a 
feature for analyzing a blood sample, this means that the analysis feature may or may not 
be present, and, thus, the description includes structures wherein a device possesses the 
analysis feature and structures wherein the analysis feature is not present. 

The present invention may be used with a variety of different penetrating member 
25 drivers. It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based, nanomuscle based, or based on any other 

mechanism useful in moving a penetrating member along a path into tissue. It should be 
noted that the present invention is not limited by the type of driver used with the 
penetrating member feed mechanism. One suitable penetrating member driver for use 
30 with the present invention is shown in Figure 1 . This is an embodiment of a solenoid type 
electromagnetic driver that is capable of driving an iron core or slug mounted to the 
penetiating member assembly using a direct current (DC) power supply. The 
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e ectmmagnetic driver includes a driver coil pack that is divided into three separate coi k 
along thepath of the penetrating member, two end coi,s and a middle coil. Direct enrrent 

dnver con paclc is shown with three coils, any suitable number ofcoils may be used, for 
example, 4, 5, 6, 7 or more coils may be used. ' 

Referring to the embodiment ofFigure 1, the stationary iron housing 10 may 
contam the driver coil paclc with a first coill2 flanked by iron spacers 14 which 
concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 
•nsulating housing 16 isolates the penetrating member 18 and iron core 20 from the coils 
andprovidesasmoothjowfccionguidesurface. The penetrating member guide 22 
itoher.cen,e re thepen e tratingmemberl8andironcore20. The penetrating member 1 8 
^protracted and retracted by alternating the current hetween the first coil ,2, the middle 

^^^^^^^^^^^^ the penetrating . 
nrember. Impenetrating member guide 22 ako serves as a stop for me ironcore2a 
mounted to the penetrating member 1 8: 
y ^ diSCUSSedab0Ve >^-P-etra^ 

dnvmg methods have a symmetrical or nearly symmetrical actuation dispfacement and 
velocrty pro fiI es on the advancement and retraction of the penetrating member as shown 

.mmateAmestored energy determines the velodty profit untfl the energy is ^ated. 
ControHmgrmpact, retraction velocity, and dwefl ume of tl^ p^^tmg member within 
theteuecanbeusemimordertoacmeveahigbsuccess^ 

varratronsinskmpropertiesandminimizepam. Advantages can be achieved by taking 
> -to a CC0Unt of the fact thaJ ^^.^ t . me . m tQ ^ ^ ^ 

as thepenetratingmembertries to puncture the surface of the skin and variance in skin 
deformahon from patient to patient based oh skin hydration. 

h, this embodiment, the ability , 0 control velocity and depth of penetration may be 
achieved by use of a contro.lable force driver where feedback is an integra, par, of driver 
control. Snchdriverscancontroleithermeta,orpolymericpene^m gm embersora„y 
other type oftissue penetration element. The dynamic control of such a driver is 
Crated i„ Figure. 2C which illustrates an embodiment of a controfled displacement 
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profile and Figure 2D which Ulustrates an embodiment of a the controlled veloaty 
profile These axe compared to Figures 2 A and 2B, which illustrate embodiments of . 
displacement and velocity profiles, respectively; of a harmonic spring/mass powered 
driver iM^'anl*.^*^^*^*^*^* 0 ?* 

Other suitable embodiments of the penetrating member driver are described in commonly 
assigned, copending U.S.PMent Application Ser. No. 10/127,395, (Attorney Dockets. 
38187-2551) filed April 19, 2002 and previously incorporated herein. 

• F igure 3ilrastmtes^^^ 
processor 60 stores profiles 62 in nonvolatile memory: -JMla^ln!****" 

selects a driver profile 62 from a set of alternative driver profiles that have been 
preprogrammed in the processor 60 based on typical or desired tissue penetration devrce 
performance determined through testing at the factory or as programmed in by the 
operator. The processor 60 may customize by either sealing or modifying the profile 
Won additional user input information^. Once the processor has chosen and .. 
customized the profile, the processor 60 is ready* modulate the power from the power 
supply 66 to the penetrating member driver 68 through an amplifier 70. The processor 60 
may measure the location of the penetrating member 72 using a position sensmg 
mechanism 74 through an analog to digital converter 76 linear encoder or other such 
transducer. Examples of position sensing mechanisms have been described m the 
embodimentsaboveandmaybeformdin^ 

copending U.S. Patent Application Ser. Mo. 10/127,395, (Attorney Docket Mo. 38187- 
2551)fdedAprul9,2002andpreyiouslymcorporatedherein.Theprocessor60 

25 calcmatesthem^ 

penetratingmembertothepredetermmedprofile,^ 

to the penetrating member driver 68 through a signal generator 78, which may contro! the 
amplifier 70 so that me actual velocity profile of the penetrating member does not exceed 
thepredetermmedprofilebymorethanapreseterrorlimit. The enor limit rs the 

30 accuracy hvthe control of the penetrating member. ' 

After the lancing event, the processor 60 can allow the user to rank the results of 
,he lancing event. The processor 60 stores these results and constructs a database 80 for 
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themdividuaW Using the "d^^fc^i.,,^^ 
such as degree of painlessness, success rale, and Wood volume for various profiles 62 
dependmg on user input infonnaUon 64 to optimize the profile to the individual user for 
subsequent lancing cycles. These profile traits depend pn the characteristic phases of 
5 penetrating member advancement and retraction. The processor 60 uses these 

calculations to optimize proves 62 for each user, In addition to user input infonnation 
64, an mtemal clock allows stomge in the database 79 of information such as the time of 
• day to generate a time stamp for the lancing event and the time between lancing events to 
anticipatetbeuser'sdiurnalneed, 7*^^*6^^^^ 
10 user and each profile that particular user uses. 

In addition to varying the profiles, the processor 60 can be used to calculate the 
appropnate penetrating member diameter and geometry suitable to realize the blood 
volume required by the user. For example, if the user requires about ] -Smicrohter 

15 «° Bernese result , 
penetmong member tip geometry, is stored in the processor 60 to co^spond with upper 
and lower limits of attainable blood volume based on the predetennined displacement and 
velocity profiles. 

The lancing device is capable of prompting the user for infonnati on at the 
begmnmg and the end of the lancing event to more adequately suit the use, The o 0a . is 
to enher change , 0 a different profile or modify an existing profile. Once the profile is 
set, the force driving the penetrating member is varied during advancement and retraction 
tofollowtheprofile. The method of lancing using the lancing device comprises selecting 
a profile, lancmg according to the selected profile, determining lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile traits for subsequent 
lancing events. 

Figure 4 illustrates an embodiment of a tissue penetration device, more 
specifically, a lancing device 80 that includes a controllable driver 179 coupled to a tissue 
penetration element. The lancing device 80 has a proximal end 81 and a distal end 82 At 
the drstal end 82 is the tissue penetration element in the fonn of a penetrating member 83 
winch ,s coupled to an elongate coupler shall 84 by a drive coupler 85. The elongate 
coupler shaft 84 has a proximal end 86 and a distal end 87. A driver coil pack 88 is 
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disposed about the elongate coupler shaft 84 proximal of the penetrating member 83 A 
position sensor 91 is disposed about a proximal portion 92 of the elongate coupler ? haft 
84 an d an electrical conductor 94 electrically couples a processor 93 to the position sensor 

position sensor 91 and processor 93 form the controllable driver, specifically, a 
controllable electromagnetic driver. 

Referring to Figure 5, the lancing device 80 can be seen in more detail, m parhal 
longitudinal section. The penetrating member 83 has a proximal end 95 and a distal end, 

96 W imashamenedpo^ .. 
head 98 disposed at the proximal end 95 of the penetrating member 83. A penetrating 
m ember shaft 201 is disposed between the drive head 98 and the sharpened point 97. The 
penetrating member shaft 201 may be comprised of stainless steel, or any other suitable 
material or alloy and have transverse dimension of about. 0.1 to about 0.4 mm. The 
penetrating member shaft may have a length of about 3 mm to about 50 mm, specfically, 
aboutl5mmtoabout20mm. The drive head 98 of the penetrating member 83 is an 
enlarged portion having a transverse .dimension greater than a transverse dimension of the 
penetrating member shaft 201 distal of the drive head 98. This configuration allows .he 
drivehead98tobemechanic^ The drive head 98. 

may have a transverse dimension ofabout 0.5 to about 2 mm. tr 
A magnetic member 1 02 is secured to the elongate coupler shaft 84 proximal of 
thedrivecoupler85onadista!portion203oftheelongatecouplershaft84. The 

magnetic member 102 is a substantially cylindrical piece of magnetic material havmg an 
axiallumen204extendingthelen g thofthemagneticmemberl02. Themagnet*, 
member 1 02 has an outer transverse dimension that allows the magnetic member 102to 
slide easily within an axial lumen 105 of a low friction, possibly mbricious, polymer 
guide tube 105' disposed within the driver coil pack 88. The magnetic member 102 may 
have an outer transverse dimension of abou, 1.0 to about 5.0 mm, specifically, about 2 3^ 
loab out2.5mm. The magnetic member ,02 may have a length of about 3.0 to about 5.0 
mm specifically, about 4.7 to about 4.9 mm. The magnetic member 102 can be made 
) from a variety of magnetic materials ineludmgfeno^ metals such as felons steel, n.n 
feni.e, or the like. The magnetic member 102 may be secured to the distal portion 203 of 



WO 2005/0654M 

PCT/US2004AM4054 

12 . 

the donate coupler by a variety of methods including adhesiv ' 

^we^eri^go^,^^^ ^^eo,epo X y. 

PrO ^ a,Or,hema8nefjcmembe ^02,a 11 
thee^gatecoup.ershaft^. ^ opticaJ ^ ^ 6ls — dto 

encoder flag 206can have a length of about 14 to about t» m Jt 

»P~*^,,bo«350,„ 1 , b „ 1 „370cofa~, illc hn« '• , ^ 

»=»W SJ <^ rflroke . '"«™ 1 »«fe»g«.of0 1 ep ole ,„, il , g 
25 model HFm 09 aa , y A # Jent Technologies.. The 

. ====== ~- 

30 d ^eeso ut<ofphasewith anneJsarePO 

' cycle of the fl aD tk , JJusresu ^ »a resolute of four times the basic 

cycle ol the flag These quadrature outpuls make it possible fT, a 

ner sm ™te position sensors include 
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deviceSO. The gu,de 1 1 1 has a gnu, 

- i „,.;„„ 92 of the elongate coupler shaft 84. ineguiuei y 

secured to a base l J J- 1 1 The base 1 13 can take.lhe form 

„ r ' i --^t^ 1 .^i*.*--. 

, . « Ihe drive, .oil pack 88. The drive, coil pa* 88 inches, ** *- 

^ 5 ^ is M aispo»d tah*. ft. « coil 1.14 M* 

. third coil ] 16, and a projomal-aapat fourth coil 117- E y, j^^g 0 f the Fust 

** " Tf" , I Jl drive coi, pack ,8 - , whole. M 
■-■^»-*'-— r.C.tdlaoo.L.eens^^ 

- rl ,e„«e, S oe.l89ofrt»d m e,eo,lpack88»also J « M e , icsrastosl ,8. 

•r^oNv about 0 15 to about 0.25 mm. 
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^.toaboutO.Smn, In one embodiment, 32 gauge copper Misused for ^ cojls 
114-117. ^nu m berof^„di„gsfo r eachofU ) ecoil S n 4 -117of, h earive r p a ck-88 
may vary with the size of , he coil, bu, for some embodiments each coii , 14-117 may have 
about 30 to about 80 ^specifically, about 50 to. about 60 turns. Eachcoil ,14-117 
5. ^--'^ 

1oabo.t2.0 nU n,sped fi cal, y ,abo^9.0toabo„»,2.0 mm . The axial lumen 105 can have' 
a transverse dimension of about 1 .0 to about 3.0 mm. 

It may be advantageous in some driver coil 88.embodiment S to replace oneor 

oftheco J]s when the coils are activated. In particular, it may be desirable in some 
embodrmentstorepjacethesecondcoil 115, the third coil ] ] 6 or both with permanent 
-go*, h addition , ft may be ^ p^ ap ^^ 

mvention win now be described. It should be understood that this embodiment may be 
adapted for use with device, described in commonly assigned copending U.S. Patent 
ApphcatiousSer.No. 10/323,624 (Attorney Docket No. 381 87-2608) filed December 18 
2002. F lgure 6A shows a device that may optionally use .cartridge as shown in Figure ' 
6B. F 1 gure6BshowsaradiaJcartridge220. The cartridge 220 may optionally include a 

226. In tins embodiment, the cartridge 220 is designed so that blood will enter the fluid 
25 chamber 228 and be held there for analysis. 

Figure 6B shows the radial cartridge 220may optionally be used with a lancing 
devrce 230. The radial cartridge 220 may optionally be sealed with a sterility barrier 232 
and be coupled to analyte detecting members mounted on a substrate 234 A suitable 
devrce . described in commonly assigned, copending U.S. Patent Application No. 
10/429,196 (Attorney Docket No. 38187-2662) fully incorporated herein by reference for 
a]] purposes. . • * 
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It should be understood that in some embodiments, the layer 234 may be removed 
and the bottom layer of the cartridge 220 sealed. Instead, a ring 252 with a plurality of 
analyte detecting members 254 (such as those shown in Figures 10A-20) may optionally 
be in a ring configuration around the penetrating member cartridge 220. This orients one 
5 analyte detecting member254 for each penetratingmember in cartridge 220. Some 
embodiments may optionally have portions of the ring 254 fold underneath the cartridge 
220 as shown in Figures 14 and 15, 

Referring now to Figure 7, as described above, when a penetrating member 340 is 
actuated and extends outward from the cartridge 220, the mesh 320 may optionally be 
10 pushed aside or pierced by the exiting member 340. The resulting ring of capillary fibers 
342 around the wound channel would be available after the penetrating member was 
retracted to wick the blood sample into the sample channel. 

The physical characteristics of the mesh 320 is one aspect for successfully 
iransport of blood to the ahalyle detecting member 250. In one embodiment, the mesh 
15 320 may be pliable enough the allow relaxation, but maintain contact or near : contact with 
. the skin surface. An active region could be striped on the mesh to allow the blood to only 
travel in the direction towards the analyte detecting member, A different gauge capillary 
fiber may optionally be used on the mains versus the cross. In anolher embodiment, the 
mains may optionally have a smaller gage and higher pitch to promote vertical 
20 movement. As an additional benefit, if the mesh assisted in distributing the force of 
penetrating member impact with the skin, the cutting efficiency of the penetrating 

member could be increased. 

In another embodiment, the mesh 320 would reduce the amount of 

micropositioning used to assure that the droplet of body fluid gets to the analyte detecting 
25 member. The potential volume required by me analyte detecting member could be 
reduced by reducing the amount of blood or body fluid that spontaneously rises to the 
surface of the skin that is either not removed from the skin once the surface tension is 
• released in a traditional, microflnidics methods. Traditional microfluidics could also have 
a higher volume required to get the blood to the sample chamber. 
30 Referring now to Figure 8, this embodiment of the present invention pertains to 

. the 1 00 percent capture of a bodily fluid generated from a wound upon lancing. There are 
problems when the blood droplet formed immediately after lancing. The droplet can be 
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Phoned in any position 360 degrees along the circumference of the lancing location. 

and transport stature to be constructed ^m^^^-^,^^ 
This penetrating member circumnavigating sample and capturemesh structure will aUow ' 
the capture of a produced droplet and transport it directly to the sensor measurement 
devices. 

based upon , he penetrating member 340 diameter and both the observed and specified 
penetratmg member lateral motion resolution. In addition, the aperture ring contains a 
collection of flmd^^^^ 

J5 the aperture opening. 

solnton to that of an integratedphysiological measurement device, which allows the 
capture of the fluidic sample by mesh immediately upon the penetrating member 
operation. As seen in Figure 9, the structure contains an aperture ring slructure 360 
whicbsurrounds or circumnavigates the penetrating member wound. Upon the release of 
the boddy fluid from the penetrating member wound, the bodily fluid droplet grow, until 

«M mesh, , he bodily fluid through capillary action is wicked into the capiflary mesh and 
brought forth to the sensors also contained in the aperture ring structure. ln one 
25 -bodiment,theme^360takesfceb^^ 

ITrere rs msrgmficant amount of sucking, pumping, or capillary force In one 

embodiment the mesh 360 spreadthe blood until the fluid contacts a capillary channel 

^U^^ gm ^ g ^ TTnsissteponespreading. Steptwoisa 

^ a,c ^o-ome P umpin g orsuckmgaction(misismepum^ 

Ihere are sidcvalls tba, are now pulling). Step 3 is taking through a 90 degree bend to 

bring the fluid to the analyle detecting member. 
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Figure 10A shows a close up of a portion of themesh. Figure 10B shows that 
grooves or gratings 362 may also be used to serve the spreading fiinction described. Such 
grooves may optionally be pressed and create striations on a plastic surface. It is creating 
a fine textured surface to distribute fluid. Figure 1 0G shows the scoring or grooves used 

to spread the materials. 

The mesh 360 or the gratings serves as the initial capture up front, whichdirect 
blood to a capillary channel. It is also desirable in some embodiments to transport the 
blood quickly, hence it is desirable to engage the blood in whatever orientation it may be 
coming off of the penetrating member. Mesh also displaces volume and thus it will use a 
lower volume of blood during transport. Single and double meshes can be used. In the 
present invention, since this is an integrated device, the user is blind as to where the blood 
droplet is on the penetrating member! It can be in a variety of orientations and the present 
mesh 360 that surrounds the. exit port will capture the blood and lead it to transport. 
Irregardless of where the blood droplet is, it will be transported: In one embodiment, it 
takes less than 10 seconds to transport blood to the analyte detecting member. In one 
embodiment, it takes less than 5 seconds to transport blood to the analyte detecting - 

member. • . 

Figure 1 1 shows that the blood coming out will contact a mesh 360, regardless of 
the orientation of the blood on the penetrating member: This surrounding mesh helps to 
ensure capture. 

Referring now to Figures 12A-12C, the drawings shown describe several 
configurations, of which there are three, built and tested. The structure in Figure 12A is 
one embodiment with a cross section of a fluidic structure 380 with a channel totally free 
of adhesives. The topside connecting sections comprise of a PET film hydrophobic on the 
outer most layer 382 and hydrophilic on the inner layer 384 abutting against the 
hydrophobic double-sided adhesive layer 386. The bottom side would comprise of a PET 
film hydrophilic on the inner layer abutting against the hydrophobic adhesive and 
hydrophobic on the outside. The inner fluidic channel region would be a sandwich 
structure of lop PET film / fluidic mesh structures / and bottom PET film. The PET 
surfaces abutting the mesh structures would be hydrophilic. 

The structure in Figure 1 2B is a cross section of a fluidic structure with a channel 
free of adhesives. The structure 390 is very similar to the structure previously described. 



25 



30 



WO 2005/065414 

PCT/US2004/044054 

18 

However,, he 't^tote^a^^^J^^^ ; - 
hy*ophobic surface 392 and hydrophihc spaces 394 arereversed such that the outer 

hydrophobic. The fluidic channel regions remain free of adhesive 
descnfc.d.Ho.eveMhiss.nactu.eaiso.inco^ 

^-^.fe^ia.U,^^ surfacewhich 
sandwiching PET film surface. 

K^12D^ Theblc<>dwill 
bespreadandthenpu^^ 

15 fl °~°a90degreeben^ 

when the neck is bent, which narrows the effective channel available for fluid flow 

^eseembodunepts of this invention entail a method of improving fluidic flow 
tlu.ughfl.d^eshtransports,^ 

or hydrophilicity through surface energy. This method of moderat or modifying 
surface energies can be doue through a number of different means known tothose 
practicing the arts. 

There are a number of options that can be used to treat surfaces to obtain a 
particular surface preference for degree of hydrophilic or hydrophobic. The concerns 
relahhgto^ 

wmdow of need tor this respective treatment. If the window of preference were for a ' 
reliable Jong-term state, then the method may dictate that the bulk properties of the 
structured material or a physical coating that has good longevity be selected If ,be 
window of preference were to be a short-term state, such as that nsed in the application of 
an adhesive, men the method of only treating the surface willbe pre ferred 

The meirology for determining the state of the surface is usually the measurement 
of the contact a„g, e of a small liquid standard and the material relative to ambient air The 
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measurement and monitoring of this contact angle and surface energy of time is critical in 
determining the relative effectiveness of the surface state treatment or bulk fabrication. 
The methods of treatment are but are not limited to: 

a) . The fabrication with a natural bulk material used to determine the maferial's 
bulk surface properties and the entire process used to fabricate the material; An example 
of this would be the treatment of PET (Polyethylene terephthalate)) orraw polyester. 

b) . The design of the material's surface texture pattern by fabrication processes in 
conjunction with the material's natural bulk properties. Physical molding or mechanical 
machining processes may accomplish this. An example of this would be the modification 
of Young's equation presented later in this discussion. 

c) . The use of high energy sources such plasmas, ion guns, and sputtering 
techniques to either texture or modify the surface molecular structure. This would include 
vacuum ion milling, vacuum or argon plasmas, or atmospheric plasmas or corona 
processes. An example of this would be Argon plasma,. Oxygen plasma, ion milling, or 
Tantec corona treatments. 

d) . The rise of wet chemicals to etch and texture the surface molecular structure. 
An example of this would be Tetra-Etch. 

e) . The use of thin polymer films deposited by physical vacuum methodologies, 
spin on coatings, vapor deposited methods, or wet deposited then activated via photonic 
treatments to actively link molecules of choice for the surface. An example of this would 

be films by Surmodics. 

f) . The use by design and selection of membrane structures that require the insert 
or adhesion of films on to surfaces as to create the actual fluid conduction path. An 
example of this would be membrane films offered by Millipore or paper films offered by 
Scheicber & Schuell or Sefar America. 

A Brief Discussion On Surface Energy of Polymers 

Wettability and repellency of polymers against water are basic surface properties 
of the polymers. Hydrophillic and hydrophobic sirfaces are results of interactions at an 
interface between polymer and water layers and closely related to the surface energy of 
the polymers. Hydrophilic surface means strong interactions with water, and polar groups 
have to exist at the surface of the polymer. As a result, the contact angle of the polymer 
against water is small. If the surface energy of the polymer is more than that of water 
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TWac e e nKgy „, . Moial „ elragyper ^ ^ ^ \ 

^^^^^^^ ^ 

. . ^*r«-^.*^i»i-.« w « 1-11 . fc<-i4 
tM8y „, inlerfadal raeci(n , act mgie rf 4e g Ma s 

mterfacial energy (YsJ). ; We 

The balance of the equation is written Y] COS theta =Ys - Ysl 

^ and ™>^o,*e^^ 
accomplished. 

?)- The method from the contact angles of polymer against different liquids using 
Ys = Yl (1+cos lheta >>2 / (4 p hiA 2 ) 

P U = (4(VsVJ)^l/3))/(({Vs^l/3)) + (VI-(J/3)))-2 
2?.. w^VsandV^n*^ . 

2 ^ e -'^*om*e^^^^ 
real surface energy value 

3). The method from the surface tension of melted polymers 
flmd. flow m#1 be moderated 0J enbanced by , he me Qf swfaces ■ 
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consistent capture of a droplet after a penetrating member procedure. The resulting brood 

pno, membnme stiuctia* less , he mes „ ^ ^ ^ rf fc J 
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device may also have a mesh layer 454. Ita. may optionally be ahydropbilic adhesive 
layer 456: After assembly, the device will have fluid channels 460 and non-channel 

regions 462. * 

This embodiment of the present invention relates to the integration of hydrophobe 

and bydrophilic adhesives onto and within a mesh membrane for the enhancement of 
fluidic capture and transport flow. The developed surface energy properties of specific 
adhesive formulations has allowed the availability of extreme hydrophobic and 
hydrophilic properties and various viscosities as to promote absorption into the pores of 
,he mesh membranes. TTuough proper mixing by design, the masking of mesh membranes 
has been obtainable with pressure sensitive adhesives along with fluid attractive 

proxies to direct ed 

This embodiment of the present invention may also pertain to the design and 
fabrication of mesh structures as a method of sample, capture, and transport of bodily 
fluids The traditional methods of pattern definition in mesh membrane structures has 
. been to either but and fit the mesh within; a predefined physical capillary structure ox the 
impregnating the mesh membrane pores by the process of screen printing. 

The process of screen printing involves the use of many different chemicals, hght 
energies, or vapors that might alter the chemistry of the mesh membrane surface 
chemistry or physic, Thus the use of a prefabricated, preformed, and processed 
pressure sensitive adhesive to be pressed into the mesh might be the most opumal 
appHcationformeshmembranesurface.thatarensedmmedicaldiagnoshcs. 

The uniqueness of this embodiment of the invention is the further integrauon of a 
selective layer of hydrophilic adhesive onto the mesh membrane fluid channel structure to 
. serve a dual purpose of sealing the fluid channel structure from lateral flow leaks and at 
i . the same time Serve as an enhancement surface for the fluid and transport channel 

structure. . 

Referring now to Figure 1.8 a still former embodiment of the present invenuon 
shows that the wicking materia, may optionally be designed to have flaps which only 
substantially surround the penetrating member exit but will still engage blood or other 
0 body fluid flowing from the wound.. Other geometries are shown in Fagures 19-21. 
Fignre 1 9 shows one embodiment with four rectangular tabs 502.. Figure 20 shows an 
embodiment with four triangular tabs 504. Figure 21 shows an embodiment wrih three 
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compnsing: na P a »eut, the device 

a cartridge; 

2 - A body fluid sampling device for no 
2 comprising: ' USe ° n a J> allen '> the device " 

a cartridge having a radiai-disc shape- 
« sensor, malarial on aSlst ^ of . . ." 

3 »*ri* ^"'^''^^^^.^flnirii.^^ 
4 capillary, structure. ,d comn »™cation with the 
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. 7 The device of claim 1 wherein the sensory material is mounted on a 

2 plurality of electrode. 

j 8 The deyice of claim 1 aphirality of sets of electrodes are associated 

2 with each penetrating member. 

j . 9^ The device of claim 1 wherein the wicking material has a lollipop 

2 configuration. 

j The device of claim 1 wherein the wicking material is oriented 

2 perpendicular to a path of the penetrating member. 

j n The dev j ce of claim 1 wherein the wicking material is oriented to 

2 intersect a path of the penetrating member. 

j i2. The device of claim 1 wherein topside correcting sections of the 

2 wicking member comprises a PET film hydrophobic on an outer most layer and 

3 hydrophilic on an inner layer abutting against the hydrophobic double-sided adhesive - 

4 layer. 

1 3. The device of claim 1 wherein bottom side sections of the wicking 
member comprises a PET film hydrophilic on the inner layer abutting against the 

3 hydrophobic adhesive and hydrophobic on the outside, wherein an inner lluidic. channel 

4 region is a sandwich structure of top PET film / fluidic mesh structures / and bottom PET 

5 film, wherein the PET surfaces abutting the mesh structures are hydrophilic. 

3 14. The device of claim 1 wherein a plurality of wicking members are 

2 positioned in a ring configuration around the cartridge. 

j 15 . The device ofclaiml wherein a plurality of wicking membersare 

2 positioned in a ring configuration arpund the cartridge, with at least one wicking member 

3 . for each penetrating member in the cartridge. 

j " ; 16. A body fluid sampling system for measuring analyte levels in the 

2 body fluid, said system comprising: 

3 • a housing having a transparent window; 

4 a cartridge in said housing;; 
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a sensory material on a first side - - ^ ' 

^.^^ gMte «^ ^^^^^ 

a vvicJung material posiU d . . 
member. ™u created by the penetrating 

17. The system of claim 16 wherein a 'wickinp mM iv ' 
eachofsaidanalytedetectingmemberandpo^ 

~ g *ember exitchamber.cn .■dd.^^^^'^** 

18. A device comprising; 
a mesh membrane; 

an adhesive integrated onto and within the \ 
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19. A device comprising: 
a mesh membrane; 



hydrophobic and hydrophiHcadhesives within th. u 

20. An actuation device comprising- 

nrioge, sa.d cartndge does not have conducive Jeads anrf ■ 
-teria] surrounding a penetrating member exit. 
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2 providing a fluid sampling device comprising a cartridge, at least one 

3 penetrating member mounted on the cartridge, and a wicking material positioned to 

4 substantially, surround at least one penetrating member exit on said cartridge so. as to 

5 acquire body fluid flowing from a wound on the patient created by actuating the 

6 penetrating member, 

7 positioning the cartridge so that launching the penetrating member creates 

8 a wound on the patient which expresses body fluid; 

9 using the wicking member to capture fluid expressed from the wound. 

1 22. The method of claim 21 wherein the wicking member comprises of 

2 a hydrophilic portion and a hydrophobic portion. 

• . . ■ * 

1 23. The method of claim 21 wherein a plurality of wicking members 

2 amused, each associated with at least one penetrating. member and each of the wicking 

3 members having a lollipop configuration, 

j . 24. The method of claim 21 wherein the wicking member is coupled to 

2 each of said analyte detecting member and positioned to extend over at least a portion of a 

3 penetrating member exit chamber on said cartridge. 

j 25. The method of claim 21 further comprising a capillary structure 

2 coupled to the wicking material, said capillary structure bring said fluid to the sensory 

3 material. 

1 26. The method of claim 21 further comprising a capillary structure 

2 coupled to the wicking materia), said capillary structure bring sa^d fluid to the sen^ 

3 material positioned on a plurality of electrodes located in the capillary structure. | 

1 27 The method of claim 21 further comprising a capillary structure | 
.* ■ ■ ■ 

2 coupled to the wicking material, said capillary structure bring said fluid 1o the sensory j. 

3 material positioned on a plurality of electrodes and are in fluid communication with the [? 
.4 capillarystructure. j- 

j 28. The method of claim 21 further comprising a plurality of electrodes 

2 each having a sensory material. 
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29- : :Xhe method of claim 21 ar>h,r»v+. ■ * 

2 lollipop configuration. " WilereW ,he material has a 

1 3, « ^ me *od of claim 21 wherein the tv' v 

2 ..r^^^t^ot^^^,,^: W,Ck)n g^riali SO rie„ted 

1 3Z 11,6 me,h °<Jof claim 21 wherein • 

4 layer. . mS ' the ^P^hic double-sided adhesive 

34. The method of claim 21 wherein k^m • 

35. Ik, me iho<) of claim 21 whcrci,, pllm | ilv . ... 
2 i„ . ring ^^^^ ^ J 1 "™"" 
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